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and tendency to creep substantially under sustained loads. Compressive
stress/strain data is presented for pads with shape factors up to 15.0.
Shear modulus data is presented for various sizes of pads and angles

of translation. Data from creep and cycling tests simulating dead load
and live load conditions demonstrate the desirability of steel or
fiberglass reinforced pads.

“ The report includes recommended design data, current California
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I. INTRODUCTION

Elastomeric pads were first used as bridge bearings in the
United States in the late 1950's largely due to the need to find
a satisfactory bearing device to accommodate the relatively
severe end rotation and translation associated with prestressed
concrete structures and to utilize a more economical and :
maintenance free bearing concept than those used previously.

At that time the State of California initiated a research
project titled "Laboratory and Field Performance of Elastomeric
Bridge Bearing Pads"[1l] to establish design guidelines and speci-
fications for these pads. That study revealed that neoprene pads
reinforced at 1/2 inch intervals with steel sheet or polyester

fabric performed very satisfactorily in the bridges constructed

during that period. The polyester fabric became the most commonly
used reinforcement in California since it was less expensive than
the steel because large pads could be fabricated, stockpiled,

and, then, sliced into custom sizes upon demand. Steel reinforced
pads must be individually fabricated to the desired size because
of the necessity to cover the edges of the steel with elastomer
for corrosion protection.

During the 1960's the use of prestressed concrete bridges became
more common and typical span lengths became longer due to the
designer's interest in economy, safety, and aesthetics.
Consequently, the bearing pads became larger in both plan area

and thickness to accommodate the increased loads, translations,
and rotations. As pad sizes increased, construction personnel
began to notice pad deflections that were considerably different
than those anticipated. At that time pad deflections were
predicted on the basis of tests performed on relatively small
pads. Design data such as that published by E. I. duPont de
Nemours and Company[2] was extrapolated to estimate the behavior
of the pads being used. When it became apparent that extrapolation
of data from small pads would not assure satisfactory performance
of large pads, this research project was initiated to evaluate the
physical characteristics of full size bearing pads, and to modify
the pertinent specifications and design criteria if necessary.

The objective of this research was to evaluate the performance of
full size bearing pads under test conditions which simulate the
physical environment they are subjected to in actual field use.
Various shapes and sizes of pads up to seven square feet in plan
area and 5 inches in thickness were subjected to compressive,
cycling, creep, translation, rotation, and ultimate strength
tests. Typical pads consisted of 55 durometer neoprene reinforced
at 1/2 inch intervals with steel, polyester, or fiberglass
reinforcement.
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IT. CONCLUSIONS

The following conclusions apply to pads fabricated in accordance
with the California specifications presented in the Appendix.
Among the requirvements of these specifications are: 55 + 5
durometer hardness (ASTM D1149, Type A); reinforcement at

1/2 + 1/8 inch intervals; 20 gage mild steel reinforcement

or fabrie reinforcement possessing a minimum ultimate tensile
strength of 700 pounds per inch at top and bottom of pad and
1400 pounds per inch within the pad.

Polyester Reinforced Pads

1. The compressive deflection of polyester reinforced pads is
difficult to predict accurately because:

a. - The magnitude of deflections is much greater than
that of steel or fiberglass reinforced pads because of the
relative flexibility of the polyester fabric.

b. The compressive stiffness decreases as the overall
pad thickness increases.

. €. The compressive creep under sustained dead load stresses
is two to three times that of steel or fiberglass reinforced pads
because of the creep of the polyester fabric.

d. Compressive deflections due to live load cycling tend
to remain in the pad after the live load is removed.

2. The translation and ultimate strength properties of polyester
reinforced pads are very similar to those of fiberglass reinforced
pads.

EibgrglassHReipfq:ged and_Ste¢l Reinforced Pads

1 The compressive deflections of fiberglass or steel reinforced
pads can be reliably predicted within the normal range of
construction tolerances.

S 2. The compreSSive stiffness of fiberglass or steel reinforced
pads is not significantly dependent on the overall pad thickness.

3. The compressive creep of fiberglass or steel reinforced pads
under sustained dead load stresses is approximately 25 percent of
initial deflectien after ten years of service.

4, Compressive deflections of fiberglass or steel reinforced
pads due to live lead cycling tend to diminish after the live
lead is removed.
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5. The ultimate compressive strength of fiberglass or steel
reinforced pads is more than 1600 psi. The mode of failure is
fabric tearing or steel yielding.

6. Under a nominal compressive load of 800 psi, fiberglass or
steel reinforced pads may be subjected to rotational forces until
the compressive strain at an extreme edge 1s zero without damaging
the pad.

7. The shear modulus of fiberglass or steel reinforced pads is
approximately 100 psi at 70°F. This value is not significantly
dependent on pad size, shape, skew angle, or compressive stress.
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III. RECOMMENDATIONS AND IMPLEMENTATION

1. Polyester reinforced pads over one-inch in thickness should
tiot be used in bridge bearings because of the difficulty in
predicting cempre351ve deflection.

2. For pad thicknesses normally used in bridge construction,
steel or fiberglass reinforced pads should be gspecified in
accordance with the specifications presented in the Appendix.

3. Compressive deflections for steel or fiberglass reinforced
pads should be predicted using Figure 1. The accuracy of these
curves is considered to be well within the range of normal
construction tolerances., If long term compressive creep is to
be included in the prediction, the values obtained from Figure
1 should be increased by 25 percent. For special situations
where extreme accuracy is desired, sample pads should be tested
to determine the stress/strain behav1or of each lot of pads.

4. Further research is needed to improve specifications and test
imethods used to assure the quality of bridge bearing pads. Based
on field performance to date, current specifications and test
methods result in high quality pads, but these requirements vary
considerably throughout the nation; some tests are difficult
and/or expensive to perform; and, in some cases, the requirements
may be unnecessarily conservative and restrictive. Research is
needed to develop simple, inexpensive test methods which are
related to performanée requirements.

5. If further research is contemplated for large bearing pads,
¢areful consideration must be given to test method details.
Recommendations regardlng such details are included in the
Appendlx. :

Recommendations 1 and 2 were implemented by the California
Department of Transportation, CALTRANS, in late 1972 by way of
a Standard Special Provision. Since that time, there have

been no reports of adverse performance of fiberglass reinforced
pads. Recommendation 3 has not yet been formally implemented
but is expected to be adopted as standard design data by the
Office of Structures of CALTRANS.
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1y. TECHNICAL DISCUSSION

A. General Discussion of Testing Program

The basic objective of this Pesearch was to evaluate the physical
characteristics of elastomeric bridge bearing pads commonly

used in highway construction under loading conditions which
simulate their in-serviceé environment. The overall pad dimensions
were selected to represent the range of sizes to be expected in
modern bridge construction. Pads were purchased out of production
runs from several manufacturers, and complied with all the
specifications presented in the Appendix which substantially
effect the physical properties.

The material properties which were most pertinent to the physical
properties are listed below:

1. The sole polymer in the elastomeric compound was neoprene
and said polymer was at least 60 percent by volume of the total

- compound. :

2. The Shore durometer hardness (Type A) was 55 + 5.

3. The reinforcement was at 1/2 + 1/8 inch intervals.
" 4. The steel reinforcement was 20 gage mild steel.

5. The fabric¢ reinforcement was single-ply at the top and
bottom surfaces of the pads, and double ply within the pads.

6. Each ply of fabric reinforcement possessed a breaking strength

of at least 700 pounds per inch.

Early in the testing program only pads reinforced with steel or
polyester fabric were tested. A great majority of the tests
were performed on polyester reinforced pads since this type of

‘pad had been blamed for problems involving excessive deflection

which occurred during bridge construction. As testing progressed,
it became increasingly clear that polyester fabric was not a

" satisfactory reinforcement material for pads more than one inch

or so thick. Fiberglass fabric was then substituted for the
polyester fabric in hopes of finding a reinforcing fabric stiffer
and more creep resistant than polyester. Subseguent testing
demonstrated that fiberglass fabric is much more desirable than
polyester fabric for reinforcing bridge bearing pads over one-
inch thick.

Although the polyester reinforced pads represent the majority of
test specimens for this project, the presentation of data herein
for polyester reinforced pads is limited to typical data which
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illustrate the wvariation in physical properties between polvester,
fiberglass, and steel reinforced pads. Data from tests on steel
and fiberglass reinforced pads are presented in more detail since
these types of pads are expected to be used in the future.

In presenting data in this report, the test pads are identified
by pad numbers such as 73-621A. These numbers bear no signifi-
z cance other than to identify individual pads by a standard
laboratory sample identification numbering system. For the
reader who is interested in more detailed information on any
> particular test pad, the pad details are listed in the Appendix.
All tests were run at a temperature of approximately 70°F.

B. . Compressive Stress/Strain Behavior

1. Test Procedure

Accurate prediction of the deflection of a bearing pad under
compressive loads is necessary in order to assure that the bridge
deck elevations on either side of an expansion joint will match
within reasonable tolerance. Therefore, a large number of
compressive tests were performed on pads with various reinforcement,
overall dimensions, and shape factor to determine the compressive
stress/strain behavior.

Shape factor is a commonly used parameter which is used to predict
compressive stress/strain behavior and is defined as the loaded
area divided by the total free areal[2,3]. In other words, for a
pad of width, w, length, 1, and distance between layers of
reinforcement, t, the shape factor, sf, would be: '

wl

st = s erIy

Compressive stress/strain tests were performed on pads possessing
shape factors from about 3 to 15. In order to minimize the cost
of purchasing pads, larger pads were first tested and then cut
into smaller pads for subseguent tests. The typical testing and
cutting sequence is illustrated in Figure 2. One disadvantage to
this type of testing sequence is that previous loading history may
affect a pad's stress/strain behavior in subsequent tests, part-
icularly for those pads which tend to creep under compressive
load. To combat this problem, testing was minimized on pads
which were to be cut into smaller pads, and a minimum of 16 hours
was allowed between tests for the pad to recover from any
permanent set. To assess the effect of previous loading, several
pads were subjected to repeat tests and it was concluded that a few
’ cycles of loading do not significantly effect the stress/strain
behavior of steel or fiberglass reinforced pads.
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Figure 3 illustrates the test set-up for pads whose greatest
dimension was larger than 24 inches. For these large pads

the Cl2x30 steel channels were needed to distribute the load
uniformly to the pad. The composite concrete and steel plates
shown in Figure 3 were fabricated to provide a relatively rigid
bearing against the test pads while simulating the frictional
characteristics between concrete and pads in an actual installa-
tion. The concrete was heavily reinforced and attached to the-
steel plates by shear connectors. The simulation of frictional
characteristics was important for the translation tests which
are discussed in Section IV. G., but test results showed that
the difference between concrete versus steel bearing surfaces

in compression tests was not significant. For pads whose
greatest dimension was less than 24 inches, the channels were
removed to simplify the test set-up. For pads whose greatest
dimension was less than 18 inches the 24 by 48 inch concrete

and steel plates were also removed from the test set-up. The
testing machine used in all tests was a 1,000,000 pound capacity,
electrohydraulic, universal testing machine with a remote console
for programming loading schedules,

For pads whose greatest dimension was less than 10 inches,
deflections were measured by a linear variable differential
transformer which is an integral part of the testing machine.
For larger pads, deflection was measured by a minimum of four
dial gages, reading to the nearest 0.001 inch, located generally
as shown in Figure 3. The data presented herein represents the
data obtained from the two dial gages located nearest the center
of the pad. The data obtained from the gages located near the
ends of the concrete and steel plates is not presented since it
is not considered representative of pad deflection. This subject
is discussed in greater detail in the Appendix.

The compressive load was increased at a rate of 200 psi per minute
but the load was held constant at increments in order to allow
time to read deflections. The deflections were read guickly,
within one minute, in order to minimize the effect of creep on
the deflection readings. Deflections were typically read at
several intervals up to 100 psi and then at intervals of 100

psi for the remainder of the test as illustrated in Figure 4.
The smaller intervals were used to define the lower portion of
the stress/strain curve, particularly to define the point of
zero stress and zero strain. To establish this zero point,

the slope of the stress/strain curve between the two lowest
stress levels, normally 10 and 20 psi, was projected downward

to zero stress with the resulting point considered zeroc strain.
This technique provided an objective method for establishing the
zero point while inducing a minimal amount of error into the
stress/strain curves.
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'In computlng ‘§trains from the deflection data, the overall pad
thickness was used which included the thickness of the reinforcement.
In computlng shape factors the nominal center=-to-center distance
between the layers of reinforcement was used.

2. Tast Results

Figures 5 and 6 illustrate the substantial difference between
the compressive stress/strain characteristics of polyester
reinforced pads versus steel or fiberglass reinforced pads.
Regardless of shape factor or stress level, the polyester
reinforced pads undergo far more strain than equivalent steel
or fiberglass reinforced pads. This characteristic makes them
less desirable than steel or fiberglass reinforced pads when a
relatively thick pad ig needed for an expansion joint. Because
of their relative flexibility, variations in dead load or the
pad's stress/strain curve from that expected can vield relatively
larde unexpected deflections.

Figures 7 and 8 present the compressive stress/strain curves
obtained from steel and fiberglass reinforced pads with shape
factors ranging from 3 to 15. Regardless of shape factor, the
compressive stress/strain characteristics of fiberglass reinforced
pads are very similar to steel reinforced pads up to compressive
stress levels of 1000 psi. Under these stréess conditions the
tensile stiffness of the fiberglass fabric is comparable to the
20 gage steel sheet.

3, Development of Recommended Stress/Strain Curves

In order to convert the data such as that shown in Figures 7

and 8 into usable form for design purposes, a technigue employed by
the Battelle researchers was selected[3]. At various compressive
stress levels, the values of compressive strain are plotted versus
shape factor on a log-log plot. Straight lines are fitted to

this data and appropriate values from these straight lines are
plotted to establish stress versus strain curves for various

shape factors. Figureg 9 and 10 illustrate the compressive strain
~versus shape factor curves at 800 and 200 psi. The straight lines
in these_figures were used with others at other stress levels

to establish the recommended stress/strain curves of Figure 1.

By studylng Figures 9 and 10 one can see that the steel reinforced
pads tend to be slightly stiffer in compression than fiberglass
reinforced pads but not substantially stiffer. Therefore, to
51mp11fy design procedures, a single set of compressive stress/
strain curves are reconmended to represent both steel and fiber-
glass reinforced pads.

~12-
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gures 9 andi I0Y also: 1._ustnaﬁ£ V1agthe data- scatter, the amount
of variation one: might: expect between?thexpredlctedicompre551ve
deflection: and: the actuall d&fTection: obtained:, This. data: indicates
that for most: installations: thiis: vaniation would not be critical.
For' instance, if the vaniation fhomn: prediated stnain was one percent
for- a: 5 inch thiick: pad, the: vaniation in. pad: deflection would be
only: 0..05 inch - not a substanttiiall amount. in ldght of normal
construction: telerances..

C. Effect of Pad Thickness: om Compressiwve Stressy/Strain Behavior

1.. Test: Procedure:

The structural system of a reinfiorced elastomeric bearing: pad is
such that as the overallll pad tlilickness: iis; increased, the compressiVe
stiffness of the pad tends: to decrease: alithough the.shape factor is
held constant. This tendency increases as the tensile stiffness of
the' reinforcement decreases: as; ilTustrated in Pigure 1l. The more
flexible the reinforcement, the mere the pad‘bulges-laterally with

‘resultant increase im compressiiver defleetiion. This characteristic

in itself is not undesirable as: long as: the dependency of compressive
strain upon pad thickness: is quantified such that compressive
deflections could be accurately predicted. Laboratory testing by
Callfornla and others has reveaied that the compress1ve strain of

overa{l pad‘thlckness[BL%‘

EBarly in this research project, a testing program was planned to
quantify this effect of thickness om poliyester reinforced pads.

As it became apparent that polyester reinfeorced pads would no
longer be used in thicknesses exceeding one inch, this testing
program was abandoned, and the emphasis was shifted to assuring
that the compressive strain of fiberglass on steel reinforced
pads was not significantly dependent upon everall pad thickness.

‘Pads with varying overall thicknessess were loaded in cempression

as: described in Section IV.B. The different thicknesses were
achieved by successively stacking identical paﬁs on top of each
other. The pads were considered identical sinece they were cut

;from.the game orlglnal larger pad.

ClibPD

2. Test Results

Flgure 12 illustrates the substantial effect overall pad thickness
has on the compressive stress/strain behavior of polyester reinforced
pads. No effort has been made to quantlfy this effeect because it
appears that such pads w1ll not be used in thicknesses execeeding

one 1nch
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Figure 12 also shows that the compressive stress/strain behavior of
fiberglass or steel reinforced pads is not significantly dependent
upon overall pad thickness. Therefore, the recommended compressive
stress/strain curves of Figure 1 apply to all fiberglass or steel
reinforced pads regardless of overall pad thickness.

D. Compressive Creep, Static and Dynamic

1. Test Procedure

For a bridge bearing pad to creep excessively under sustained
compressive loads would be highly undesirable because of the
resulting differential elevation of the two sides of the expansion
joint, i.e. - a bump in the roadway which would vary in magnitude
as long as the bearing pad continued to creep. Therefore, several
test pads were subjected to compressive loading conditions simula-
ting sustained dead load and repetitive live load to assess the
amount of creep to be expected.

Current CALTRANS design practice limits the nominal compressive
stress on a pad to 800 psi due to dead lcad, live load, and impact
load. For testing purposes a dead load stress of 575 to 600 psi
was selected to represent typical dead load stresses in a bridge
bearing pad. Test pads were subjected to these stress levels
using the test apparatus described in Section IV.B. The test
machine was set to automatically hold a constant load throughout
the test. Compressive deflections were recorded versus time

and the data reduced in accordance with the equation[3]:

deflection at time t
(initial deflection 1) = 100

Creep = (percent)}

The dead load was sustained on the test pads for periods up to
several days or until it appeared that creep was progressing
at a very slow rate.

Following the static creep tests, the compressive stress was
cycled from the simulated dead load stress to 800 psi to simulate
a live load environment. The testing machine automatically
controlled the sawtooth function at a rate of 100 cycles per hour,
After 200 cycles the compressive stress was returned to the dead
load stress level and the pad deflection was measured to determine
the amount of strain caused by the simulated live loading. The
compressive stress was then held at the dead load stress level to
determine whether or not the pad would tend to recover from the
strain caused by the live loading. The test was terminated when-
the data indicated whether or not this recovery was occurring,
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The fiberglass reinforced pads used for these creep tests had not
been loaded prior to the tests. The polyester reinforced and steel
reinforced pads had been previously loaded to 1000 psi in short term
compression but had been allowed to recover from the short term
tests prior to the long term creep tests.

A few pads were also subjected'to static creep tests at 1000 psi to
assure that current design practice possessed a factor of safety
~against excessive creep.

2. Test Results

Creep test results are summarized in Figure 13. This figure clearly
illustrates the unsatisfactory performance of polyester reinforced
pads relative to the performance of fiberglass or steel reinforced
pads. The creep of polyester reinforced pads can exceed 30 percent
of their initial deflection after 24 hours under dead load conditions
while the corresponding creep for fiberglass and steel reinforced
pads is approximately 10 percent.

Figure 13 also illustrates the relative performance of different
reinforcement materials under simulated live load conditions.
Although all pads experienced creep due to the 200 cycles of live
load, the fiberglass reinforced and steel reinforced pads tended

to recover from this dynamic creep when the load was returned to the
dead load condition while the polyester reinforced pads failed to
make this recovery. This indicates that over a long period of
service that the deflection of polyester reinforced pads would

tend to increase due to creep caused by live loads.

Figure 14 presents data from creep tests on a logarithmic scale

in order to make long term projections of creep. This figure
again illustrates the undesirable creep characteristics of
polyester reinforced pads, and also supplies an estimate of creep
after a number of years. Based on this data, creep of about 20
percent would be realized after ten vears of sustained dead load
on fiberglass or steel reinforced pads. This is in agreement with
the DuPont ten year test data which indicates creep of 25 percent
after ten years[2[. Therefore, current California design criteria
which estimate creep to be 25 percent over the lifetime of a bridge
appear to be reasonable,

Figure 15 illustrates the creep of fiberglass reinforced and steel

reinforced pads under a static locad of 1000 psi. As would be

expected the creep at 1000 psi tends to be higher than that at

600 psi but it is not considered excessive. This indicates that

steel or fiberglass reinforced pads designed for dead load stresses

of approximately 600 psi possesses a substantial factor of safety
.agalnst excessive creep.
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E. Ultimate Strength in Compression

1. Test Procedure

Current CALTRANS design practice 1imits the nominal compressive
stress to 800 psi. In order to estimate the factor of safety
against pad failure in compression, several pads were subjected
to ultimate strength tests. Because of the 1,000,000 pound
capacity of the testing machine, the size of the test pads were
limited.

The pads were loaded and data acquired as described in Section Iv.B
except that the load was increased in 100 psi increments until the
pad had failed or yielded.

2. Test Results

Figure 16 presents the stress/strain curves for steel reinforced
pads. At a compressive stress level of 2400 to 2800 psi the slopes
of the curves decreased indicating that the steel reinforcement
was yielding. Based on the theoretical equations of Rejcha,

the tensile stress in the 20 gage mild steel reinforcement is
about 36,000 psi at this compressive stress levell4l. After
yielding, the pads could carry much more load although their
compressive stiffness was substantially diminished. Figure 17
illustrates the yielded shape of a steel reinforced pad with

the maximum amount of bulging being at the center of the lond

side of the pad. Inspection of such pads indicated that no loss
of bond between the elastomer and the steel reinforcement occurred
until the compressive stress exceeded 4000 psi.

Figure 17 Steel Reinforced Pad After
Carrying 4000 psi Compression
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Figure 18 presents the stress/strain curves for fiberglass rein-
forced pads. At a compressive stress level of 1700 to 1900 psi
the sound of tearing fabric was heard and the pads could carry
no further increase in load. According to the Rejcha equations
the theoretical tensile load in each ply of the fiberglass
reinforcement at this point is about 450 pounds per inch[4].

The ultimate tensile strength of each ply of fiberglass in the
test pads was about 700 pounds per inch as determined by a uni-
directional tensile test. Figure 19 illustrates the center layer
of fiberglass following an ultimate strength test. It appears
that tearing initiates at the geometric center of the pad and
progresses outward toward one edge. Following this initial tear,
the pad becomes, in effect, two smaller pads which attempt to
carry the imposed load. These two smaller pads in turn tear
resulting in the pattern shown in Figure 19. Following the
ultimate strength tests, there was no appearance of loss of bond
between the elastomer and the fiberglass reinforcement.

Figure 19 Fibergléss Reinforced Pad After
Ultimate Strength Test '

Figure 20 pregsents a stress/strain curve for a polyester reinforced
pad. The pad behaved very much like the fiberglass reinforced

Pads except for the obvious difference in compressive stiffness.

As with the fiberglass reinforced pads, failure occurs suddenly

and is well defined at about 2000 psi compression.

-29-
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Based on these tests, one can see that fiberglass or steel reinforced
pads possess a substantial factor of safety against compressive
failure when designed for a compressive stress of 800 psi.

F. Compression and Rotation

1. Test Procedure

Although current design criteria limit the maximum nominal com-
pressive stress to 800 psi, local compressive stresses can be

- substantially higher due to the amount of rotation allowed. To
simulate extreme conditions of compression combined with rotation,
a series of tests were performed on fiberglass and steel reinforced
pads under the conditions illustrated in Figure 21. !

These conditions were achieved by moving the test pad off the
centerline of the testing machine and allowing the gimbal joint
of the testing machine to accommodate the rotation. The test
apparatus was the same as that discussed in Section IV.B., but
no deflections were measured. The amount of eccentricity was
increased until a feeler gage could be placed between the load-
ing plate and the top surface of the pad at one edge while apply-
ing a nominal compressive load of 800 psi. Under this condition,
the opposite edge is undergoing the maximum compressive strain to
be expected in an actual installation.

2. Test Results

Figure 22 shows the pad configuration in the rotated position.
As expected the pad edge under maximum compressive strain bulged
considerably. This area was closely inspected visually but there
was no appearance of any pad failure. After releasing the load,
the pads always returned to their original shape. This indicates
that fiberglass and steel reinforced pads can accept the maximum
rotations allowed by current design criteria without damage to
the pad. CALTRANS design criteria limit the amount of rotation
by requiring that bearing be maintained throughout the plan area
of a pad. Under the most severe conditions allowed by these
criteria, the compressive strain at one edge of the pad is zero
while the compressive strain at the opposite edge is twice the
strain the pad would undergo if loaded concentrically to a
nominal stress of 800 psi. If the pad behaved as a linearly
elastic material, the compressive stress at the loaded edge
would be 1600 psi. However, because the compressive stiffness
is higher near the center of the pad's plan area than at its
" edges, the maximum compressive stress cannot be readily determined
for eccentric loading conditions[4]. To determine the distribu-
tion of compressive stresses experimentally would require eXtensive
instrumentation and testing. Although the above tests show that
the pads are capable of sustaining large rotations without failure,
designers are encouraded to minimize rotational stresses by
specifying the smallest pad width possible within the limits
of the particular application.
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Figure 21 CONDITIONS OF ROTATION TESTS

STEEL REINFORCED : FIBERGLASS REINFORCED

Figure 22 ROTATION TESTS OF
TYPICAL TEST SPECIMENS
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G. Compression and Translation

1. Test Procedure

Current CALTRANS design criteria for bearing pads limit the
amount of lateral translation to 1/2 the pad thickness while
using a shear modulus value, G, of 135 psi to compute lateral
loads. The shear modulus, G, is defined as:

Pad Thickness

G = Shear Stress x‘Pad Translation

These same criteria are used regardless of the size or shape of
the pad, skew angle (defined in Figure 23), compressive stress,
or type of reinforcement. A series of combined compression and

- translation tests were performed to determine whether or not

variations in these parameters had any substantial effect on

" the shear modulus, vertical deflection, or overall pad behavior.,

Translation tests were also performed on pads which were stacked
on top each other to determine if such pads could be translated
without slippage between the pads.

Direction of
Transliation

‘Skew angle

Figure 23 Definition of Skew Angie
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”The“test-apparatus used for the combined compression and

translation tests is illustrated in Figure 24, The one-inch
thick steel plate was sandwiched between two identical test
specimens and a compressive stress of 400, 600, or 800 psi

was applied via the concrete and steel plates. The testing

" machine was set such that the compressive load remained constant

throughout the translation test. Horizontal loads were applied
by a 120,000 pound capacity hydraulic jack through a rather
complex apparatus which is best described by the photographs
presented in Figure 24. In order to keep the two concrete and
steel plates parallel throughout the translation tests, braces
were placed between these plates and the testing machine after
the compressive load had been applied. The horizontal loads

were measured by a strain gage load cell mounted on the hydraulic
jack and the horizontal deflections were measured by two dial
gages mounted as shown in Figure 24. Vertical load and deflection
were measured by a strain gage load cell and a linear variable
differential transformer within the testing machine.

' After applying the compressive load, translation was applied in

increments of ten percent of pad thickness. At each increment

the vertical load and horizontal load and deflection were measured
as quickly as possible -~ within 30 seconds of obtaining the
desired translation. The maximum translation for most of the

“tests was 100 percent of the pad thickness.

ClihPD

Because the shear modulus is highly dependent upon the hardness of

the neoprene, the pads used for these tests possessed almost identical
hardness. The shore durcometer hardness of the steel reinforced

pads was 53 while that of the fiberglass reinforced pads was 54.

2. Test Results

One of the obvious visual differences between steel and fabric
reinforced pads when translated laterally is illustrated in Figure
25. The fabric reinforced pads tend to curl at their edges and
actually separate from the loading plates at translations between
25 and 50 percent of pad thickness. Field sexvice of fabric
reinforced pads has not shown this phenomenon to be detrimental.
Because of the bending stiffness of the steel sheet, the steel
reinforced pads do not curl at their edges until the translation
exceeds the design maximum of one~half the pad thickness. Such
behavior might be detrimental under cyclic conditions where the
steel would be bent back and forth beyond its yield point as shown
in Figure 26. '
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Figure 24 TYPICAL TRANSLATION TEST APPARATUS
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STEEL REINFORCED

FIBERGLASS OR POLYESTER REINFORCED

FIBERGLASS REINFORCED

Figure 25 COMPARISON OF PAD CONFIGURATIONS
WHEN TRANSLATED 50 PERCENT OF THICKNESS
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Figure 26 Steel Reinforced Pad When Translated
100 Percent of Thickness

Figure 27 compares the shear stress/strain behavior of steel
reinforced pads versus fiberglass reinforced pads, and also
illustrates typical data points obtained in the translation
tests, It can be seen that there is no significant difference
between the shear moduli of steel or fiberglass reinforced pads.
Figures 28 and 29 show that this is true regardless of size or
shape of the pad, skew angle, or compressive stress.

Figure 28 illustrates the effect of varying the compressive
stress on the shear modulus. The shear modulus values presented
represent the shear stress required to translate the pad 100
percent of its thickness. This figure shows that the shear
modulus is not significantly dependent on the magnitude of
compressive stress. Visual observation of the pads during these
tests revealed no difference in physical behavior due to differ-
ences in compressive stress,

Figure 29 illustrates the effect of varying the skew angle on
the shear modulus. This figure shows that the skew angle does
not significantly affect the shear modulus. As expected, the
corners of the pads tend to curl more as the skew angle is
increased to 45 degrees, but this curling does not damage the
pad. This curling is illustrated in Figure 30.
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Steel Reinforced Fiberglass Reinforced

Figure 30, TRANSLATION OF 50 PERCENT OF
THICKNESS AT 45° SKEW ANGLE

. Lol

Figure 31; SLIPPAGE OF STACKED PADS DURING TRANSLATION TEST
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In all the translation tests described above, the highest value
of shear modulus obtained was 109 psi while the lowest was

95 psi. This indicates that the shear modulus of 135 psi used
to predict lateral loads is adequate regardless of size or
shape of the pad, skew angle, compressive stress, or type of
reinforcement. '

In all the translation tests, the vertical deflection was monitored
to determine whether the translation would result in any smgnflcant
vertical deflection. The vertical deflections measured at
translations of 50 percent of pad thickness were small enocugh to

be considered insignificant. For example, the largest compressive
strain realized was 0.3 percent for an 8" x 16" steel reinforced
pad. For a four-inch thick pad, this would amount to an 0.01

inch deflection - not enough to be concerned about in normal

bridge construction.

One other parameter was investigated during the translation tests -
that of stacking individual pads on top each other. Figure 31
illustrates the results of such a test. At a translation of about
25 percent of the pad thickness, the pads began to slip at their
interface. Despite a compressive stress of 400 psi, the friction
between the pads was not high enough to prevent slippage. This
indicates that pads which are stacked to form a thicker pad must
be bonded together to assure that the pad remain intact through-
out its service life.
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VI. APPENDIX

A, List of Test Specimens

The data presented in this report is from tests conducted on the
test specimens listed below. These specimens are considered

, representative of all specimens tested,
: Shape
- Pad Numbers Reinforcement Factor Dimensions (inches) Durometer

65-2573 Steel 3.2 1 ea 4.8x10.0%x2.50% 58

68~ 340 Steel 3.5 "1 ea 6.0x 8.5x2,91% 58

71-2642A Steel 15.0 2 ea 24,0x40.0x1.96* 53

71-2642B Steel 13.3 24,0x30.0 53

71-2642C Steel 7.1 24.0x10.0 53

71-2642D Steel 6.3 8.0x30.0 53

71-2642E Steel 10.4 16.0x30.0 53

71-2642F Steel 5.3 8.0x16.0 53

71-2642G Steel 4.0 8.0x 8.0 53

71-2642H Steel 3.1 8.0x 5.0 53

' 71~ 394 Polyester 4.4 l ea 8.0x10.0x4.51% 48
- 71-2314 Polyester 3.0 6 ea 6.0x 5.9x0.54% 55
71-27144 Polyester 15.0 2 ea 24,0x40.0x2.00% 54

71-2714D Polyester 6.3 8.0x30.0 54

72— 522 Polyester 7.3 lea 12,0x]8.5x2.90% 55

72-2212 Fiberglass 10.4 4 ea 16.0x30.0x0.96%* 48

73- 621A Fiberglass 15.0 4 ea 24.0x40.0x1.10% 54

73- 621B Fiberglass 13.3 24.0x30.0 54

73- 621C Fiberglass 7.1 24.0x10.0 54

73~ 621D Fiberglass 6.3 8.0x30.0 54

73~ 621E Fiberglass ' 10.4 16.0x30.0 54

73~ 621F Fiberglass 5.3 8.0x16.0 54

73- 621G Fiberglass 4,0 8.0x 8.0 54

73- 621H Fiberglass 3.1 B.0x 5.0 54

74-0514 Fiberglass 5.8 1l ea 10.0x14.0x3.00% 53

74=-0517 Fiberglass 8.2 1l ea 12,0x26.0x3.00% 53

74~0518 ' Fiberglass 5.8 l ea 10,0x14.0x2.00% 53

*Original pads tested. Other pads were cut from these original pads.

B, Details of Data Acguisition in Compressive Tests of Large Pads

The Battelle researchers have pointed out that variations in test
methods can result in significant variations in compressive stress/
strain datal3]. This was found to be particularly true when
testing relatively large pads, say, 200 square inches and larger.
In testing these large pads, there are two potential problem areas

-4 3=
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‘which must be -given careful consideration: (1) To apply the
compressive load ‘in a manner which simulates the loadlng in
a bridge structure; and (2) To assure that the compressive

deflections measured actually represent ‘the deflections of

the test .pad.

In a bridge structure, bearing pads are normally squeezed between
two large masses of concrete or steel whose rigidity is infinite
relative to ‘the bearing pad's rigidity. Also, construction
techniques are such that -the ‘surfaces of these large masses are
normally a flat plane where they bear against the pad. Efforts
to simulate ‘these conditions in this testing program were not
fully successful. Early in the testing program, the two 4-1/2"

x 24" x 48" concrete and steel plates shown in Figure 3 were
fabricated to provide ‘the necessary rigidity. Although the
concrete was heavily weinforced .and connected ‘to the steel plates
by shear connectors, these composite plates ‘tended to bend
significantly when used to lead a relatively large pad. The
four sets of back to back channels shown in Figure 3 were then
fabricated to effectively increase the bending stiffness of the
composite plates. The use of the back to back channels provided
sufficient rlgldlty,‘but aeventually revealed a second problem.
Because of previous loading history, the composite plates were
permanently warped about 1/16 inch as measured along the length
of the plates.

The effeet of this warpage is illustrated schematically in
Figure 1lA. As the compressive stress is increased from zero to
about 200 psi, depending on pad size, the center dial gages
represent incremental pad deflections, while the end dial gages
reflect primarily the bending of the composite plates. Above
about 200 psi, the composite plates are flat against the pads
and the incremental readings of the end dial gages actually
represent incremental pad deflection.

The data from a typical test is shown in Figure 2A illustrating
the substantially higher deflections of the end gages at com-
pressive stress levels below 200 psi. However, above 200 psi
the slopes of the two stress/strain curves become equal indicating
that the compressive strain is applied uniformly throughout the
"pad's plan area. Based on these observations, the data obtained
from the end dial gages has been disregarded because it does
not represent pad deflections at the lower stress levels. The
data presented in the body of this report is based on only the
center gages because this data is considered representative of
actual pad deflections. The decision to use only the center
gage data is supported by the good correlation with data obtained
from tests of smaller pads where plate bending did not occur.
This correlation is illustrated in Figures 29 and 10.
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~=— Plane of center dial gages

=—Plane of end dial gages
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+

CONDITIONS ABOVE 200 PSI COMPRESSION

Figure IA THE EFFECT OF PLATE WARPAGE ON
COMPRESSIVE TEST DEFLECTION DATA
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If future research is contemplated for determining the compressive
stress/strain behavior of large bearing pads, careful consideration
should be given to applying compressive loads to the test pads

by a rigid mass with flat bearing surfaces. Laxge portable
reinforced concrete blocks with surfaces poured against flat

steel plates should be considered for this purpose.

Another area which should be carefully considered in future
research is the means by which pad deflections are measured. As
noted in Section IV.B., the linear variable differential trans-
former, LVDT, in the testing machine was used to measure the
compregsive deflections of only relatively small pads. This
method is satisfactory for small pads because the deflection

of the testing machine is very small compared to the deflection
of the pad. However, as the plan area of the test pad increases,
(1) the compressive deflection of the pad decreases due to the
higher shape factor, and (2) the deflection of the testing machine
increases due to the higher loads. For example, when testing

a 4.40" x 24" x 40" fiberglass reinforced pad in compression,

the incremental displacements of the testing machine were
approximately three times the corresponding displacements of

the pad. The magnitude of this discrepancy will, of course,

vary depending on test conditions such as pad thickness and
testing machine characteristics, but future research should
possess assurance that measured deflections represent actual

pad deflections. :
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C. 1973 sStandard Specifications for Steel
or Polyester Reinforced Pads

51-1.12H Elastomeric ﬁéanng Pads. -;——Elastomerlc bearing pads
ghall conform to the reqmrements in these speclﬁcatmns and the

" speeial provisions,

Pads 1% inch and less in thickness may he either laminated or all
elastomer. :

- Pads over ¥4 inch in thzclmess shall be laminated.

Laminated pads shall consist of alternate laminations of elastomer
and metal or elastomer and fabrie bonded together.

" The outside laminations shall be metal or fabric. The outside and
edges of metal laminations shall be eoated over with elastomer not
more than 14 inch in thickness,

-. Laminations of ‘elastomer shall be 1% inch == 1% inch in thickness,
Vanatlon in thickness of an individual elastomer lamination shall not
exceed § inch within the width or length of a pad and the variation
in thickness of all elastomer laminations within a pad shall be such
that each metal or fabric lamination will not vary by more than 14
ineh from a plane parallel to the top or bottom surface of the pad.

The total out to out thickness of a pad shall not be less than the

* thickness shown on the plans nor more than 14 inch greater than that
- thickness. Variation of total thickness within an individual pad shall
- not exceed 1% inch.

Pads containing metal lammatmns shall be full molded. Pads of all

_elastomer or with fabrie laminations may be cut from large sheets.
- Cutting shall be performed in sueh a manner as to avoid heating of

the material and to produce a smooth edge with no tears or other
jagged areas and to cause as little damage to the material as possible.

Corners and edges of molded pads may be rounded at the option of
the Contractor. Radius at corners shall not exceed 34 inch, and radius
of edges shall not exceed 14 inch.

The bond between elastomer and metal or fabric shall be such that,
when a sample is tested for separation, failure shall occur within the
elastomer and not between the elastomer and metal or fabrie.

Metal laminations shall be rolled mild steel sheets not less than 20-
gage in thickness.

Fabrie laminations shall be either (1) a long chain synthetic poly-
mer containing at least 85 percent of polyester from ethylene glycol
and teraphthalic acid or (2} a long chain synthetic polymeric amide
from hexamethylene diamine and adipic acid. Baeh ply of fabrie shall
have a breaking strength of not less than 700 pounds per inch of

width in both directions. F'abric laminations shall be single ply at

“top and bottom surfaces of the pad and either double ply or double

strength within the pad.
The sole polymer in the elastomeric compound shall be neoprene
and shall be not less than 60 pereent by volume of the total com-

pound.
The elastomer, as determined from test specimens, shall conform to

the following:

ASTM
_ 'Pest Designation Requiremt.ent
Tensile strength, psi o D412 _ 2,250 Min.,
Elongation at break, percent ______ D 412 350 Min.
Compression set, -
99 hrs. at 158° F. , percent —_____ D 395

{Method B) 25 Max.
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Tear strength, pounds per inch ... D 624

{Die C) 180 Min,

Hardness (Type A) . ______ D 2240 55 =5
Ozone resistance 20% strain,

100 hrs. at 100° £ 2° P, _______ D 1149
: {except 100 ==
20 parts per

: 100,000,000} No cracks

Low temperature stiffness, : -

Young’s Medulus at —30° F,, psi D797 5,000 Max.
Low temperature brittleness,

5 hrs. at —40° P, _____________ D 736-54T Passed

After accelerated aging in accordance with ASTM Designation:
D 573 for 70 hours at 212° F. the elastomer shall not show de-
terioration changes in excess of the following:

Tensile strength, percent _____ -+ 15

Elongation at Break, percent ___ — 40 (but not less than 300%
total elongation of the
material)

Hardness, points o _____ + 10

Specimens tested in aceordance with Test Method No. Calif. 663
for 16,000 cyeles at 800 pounds per square inch and 14 t (pad thick-
ness) translation, shall show no indication of deterioration of elasto-
mer or bond between -elastomer and metal or fabric reinforecement
laminations.

The Contractor shall furnish to the Engineer a certification by the -
manufacturer that the elastomer, and fabric (if used), in the elasto-
meric bearing pads to be furnished conforms to all of the above
requirements. The certificaiion shall be supported by a certified copy
of the resulis of tests perivrmed by the manufacturer npon samples
of the elastomer and fabric to be used in the pads.

Test specimens for tensile strength, elongation, tear strength, and
ozone resistance will be taken from produetion run pads by the Engi-
neer, and will be prepared for testing by eutting and grinding. The

Engineer will take a saﬁlple pad not less than 6 inches by 12 inches

-in size for testing from each lot of pads or bateh of elastomer to be

furnished, whichever results in the greater number of samples. The

samples will be selected at random at the point of manufacture or,

+ t the option of the Contractor, at the job site. Samples taken at the
job site shall consist of complete pads as detailed on the plans, and
the Contractor shall furnish additional complete pads to replace those
taken for testing. Pads shall be available for sampling 3 weeks in
advanee of intended use. All sample pads for testing shall be fur-
nished by the Contractor at his expense. L

Where elastomeric bearing pads over 14 inch in thickness are
shown on the plans, such pads may be manufactured as a molded
laminated pad, or at the option of the Contractor, may be made up
by stacking individual laminated pads. When laminated pads are
stacked, their contact surfaces shall be cleaned prior to stacking and
a positive method shall be used to hold the individval pads in the
stack in proper alignment,
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Appendix U.

State of California
Department of Public Works
Division of Highways

MATERIALS AND RESEARCH DEPARTMENT

Test Method No. Calif. 663-B
April 2, 1973
{9 poges)

TESTING OF BRIDGE BEARING PADS

PART I. DETERMINATION OF COEFFICIENT .OF
FRICTIONM AND FATIGUE LIFE

Scope

The procedures to be used for the determination of
the fatigue life and coefficient of friction or internal
shear resistance of various bearing pad assemblies
guch as bronze, clastomerie, TFE (Teflon), ete., are
deseribed in this Part I,

_ Procedure

A, Testing Apparatus and Accessories

1. Expansion bearing pad fatigue testing machine.
{See photograph and schematic drawing, Figures 1
and II.}

2. Acetone

3. Stop watch

4. SR-4 strain indieator

5. 6-inch steel seale graduated in 1/100 of an inch.

B, Test Record Form

Use work card, Form HMR T-6028, for recording
test dafta.

C. Specimen Preparation

1. Clean all test specimens and both platens so that
they are free of any foreign substances such as dust,
grit, moisture, ete., except for the lubricants used in
conjunction with the bronze specimens such as oil,
grease, ete. Cut the elastomerie specimens to size
(standard size 6” x 6”) and wipe clean. File smooth
any rough edges on the bronze specimens and wipe
clean. Use acetone to clean the bearing surfaces of
TFE (Teflon) bonded specimens only.

D. Test Procedure

1. After the specimen has been centered on the
lower platen of the fatigue machine, serew the eight
platen leveling rollers far enough into the platen so
that they do not contact the vertical guide plates.

2, Zero in the strain indicator.

3. Apply vertical load by operating valves #1 and

2.

4. Then adjust valve #6 to maintain the reguired
pressure as read on gage #2.

5. At this time the loading platens should be paral-
lel; check with steel scale. If loading heads are not
parallel, unload and repeat the loading procedure.

6. Remove the ‘‘at rest’’ shims and serew the eight

platen leveling rollers finger tight against the guide

plates to maintain platen stability.

7. Operate the top loading platen using the follow-
ing procedure:

~ a. Start hydraulic pump (start button).

b. Open valve #5 all the way and then adjust
valve #4 to maintain the proper testing speed. Note:

-50-

Valve #5 must be opened before speed can be ad-
justed by valve #4.

¢. Adjust the testing speed by the use of a
stop watch.

d. Measure the horizontal load by use of the
SR-4 strain indicator.
' e. The pressure indicated on page #3 is con-
trolled by valve #7. The function of valve #7 is to
conirol the pressure applied to the horizontal ram.

8. At the end of the test period, stop and unload

the machine by reversing the loading steps.

F. Horizontal Force Measurements

During the course of the test, reeord the strain gage
readings to determine the horizontal force,

. 1. Take statie coefficient of friction readings at the
instant of impending motion or slip between the sur-
faces in question. For flexible backed TFE (Teflon)
bearings, measure strain at the point of maximum
displacement.

2. Obtain kinetic coefficient of friction readings by
taking the average reading while surfaces are sliding.
Do this in both directions of movement.

F. Calculations
x
f=N
‘Where: ,
F=Horizontal force due to frietion or internal
shear resistance (lbs).
N=Normal force (Ibs).
f—=Coefficient of friction
f, = static :
£ = kinetic
Determine ““F’’ from the strain gage indieator
readings by use of ealibration plot I (Figure III).
Determine N from gage #2 (Figure II)} by use of
calibration plot IT (Figure IV},

REPORTING RESULTS

1. Report the following test results on test report
Form HMR T-6028.

a. Maximum statie coefficient of frietion.

b. Average static coefficent of friction.

e. Average kinetie coefficient of friction.

d. Remarks concerning the specimen’s appear-
ance after completion of test, excessive wear, delamin-
ation, ete.

The ‘‘The maximum frietion coefficient’’ as deter-
mined on Forrmn HMR TF-6028 is defined as the highest
coefficient as averaged over any 50 cycles of the test.

The ‘* Average friction coefficient’’ is defined as the
average of at least 5 and not more than 10 readings
taken between 2,000 and 8,000 cyeles. These readings
shall be taken at intervals of not less than 500 eycles
apart.
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PART }l. DETERMINATION OF PEEL STRENGTH

Scope .

The procedures to be used in determining the peel
strength of elastomer bonded to metal or fabrie re-
inforecement for elastomeric bearing pads are de
seribed in this Part I1.

Procedure

A. Test Apparatus and Accessories

1. A testing machine which can measure loads up
to 100 pounds with an accuracy of plus or minus one
percent and a platen speed of 2 o~ 0.2 inches per
minute.

2. Rubber grips with jaws at least one inch wide.
The grips shall be capable of firmly gripping the speci-
men withont slippage during the testing.

3. A saw capable of eutting smoothly through elas-
tomerie bearing pads with metal or fabrie reinforce-
ment.

"B, Specimen Preparation and Testing
1. Cut a one inch seetion (full thickness) off one

side of the bearing pad sample as shown in Figure
V{a). The minimum length shall be six inches.

2. Cut the seetion into test specimens as shown in
Figure V(b).

3. Initiate peeling by neatly cutting neoprene back
to neoprene-reinforcement interface. See Figure V{c).

4. Initiate uniform peeling by pulling on specimen,
Separale the specimen a sufficient distance to permit
clamping in the grips of the machine.

5. Install the specimen in the grips of the testing
machine as shown in Figure VI. Care should be used

-56-
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in installing the specimen symmetrically so that the
tension is applied uniformly, The grips shall eoncen-
trieally mainiain the specimen in a vertical direction
during testing.

6. Apply the load at a uniform rate of 2 -4- 0.2
inches per minute for a distance of at least two inches.

7. Determine and record the peel strength in
pounds per inch. Peel strength is defined as the aver-
age load recorded on the testing machine when the
specimen is slowly and uniformly peeled without snag-
ging or binding.

Reporting of Resulis

Document results of tests with appropriate com-
ments and notations on Form T-610. Report results in
formal form (as complying or not complying with
specifications) on Form T-6089.

PART IIl. DETERMINATION OF THE PHYSICAL
PROPERTIES OF BRIDGE BEARING PADS

Except as shown in Part T and Part II, the other
physical properties of bridge bearing pads shall be
determined in accordance with the procedures as out-
lined in the appropriate American Society for Testing
and Materials {ASTM) specifications or the American
Association of State Highway Officials (AASHO)
specifications, as specified in the Standard Specifica-
tions of the Division of Highways.

REFERENCE
A California Method
Califernia Standard Specifications
End of Text on Calif, 663-B
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SPECIMEN PREPARATION
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E. 1975 Standard Specification for Steel
or Fiberglass Reinforced Pads

51-1.12H Elastomeric Bearing Pads.——--Elastomeric bearing pads shall
conform to the requirements in these specifications and the special
~ provisions.

Pads 1/2 inch or less in thickness may be either laminated or all
elastomer. Pads over 1/2 inch in thickness shall be laminated.
Stacking of individually laminated pads to attain thicknesses
over 1/2 inch will not be permitted; however, cold bonding of
individual laminated pads will be permitted providing the bond
between the pads has a minimum peel strength of 20 pounds per
inch as required elsewhere in this specification.

Laminated pads shall consist of alternate layers of elastomer
and metal or fabric reinforcement bonded together. The top
and bottom layers of reinforcement shall be uniformly covered
with a maximum of 1/8 inch of elastomer. The edges of metal
reinforcement shall be fully coated with elastomer not more
than 1/4 inch in thickness.

Laminated pads shall have reinforcement every 1/2 inch through

the entire thickness. The reinforcement shall be parallel to

the top and bottom surfaces of the pad. Variations in the
location of the reinforcement in excess of 1/8 inch from its
theoretical location shall be cause for rejection. The total

out to out thickness of a pad shall not be less than the thickness
shown on the plans nor more than 1/4 inch greater than that
thickness.

Pads of all elastomer or with fabric reinforcement may be cut
from large sheets. Cutting shall be performed in such a manner
as to-avoid heating of the material and to produce a smooth
edge with no tears or other jagged areas and to cause as little
damage to the material as possible.

The bond between elastomer and metal or fabric shall be such
that when a sample is tested for separation, it shall have a
minimum peel strength of 30 pounds per inch when tested in
accordance with Test Method No. Calif. 663.

Metal reinforcement shall be rolled mild steel sheets not less
than 20 gage in thickness.

Fabric reinforcement shall be woven from 100 percent glass
fibers of "E" type yvarn with continuous fibers. The minimum
thread count in either direction shall be 25 threads per inch.
The fabric shall have either a crowfoot or an 8 Harness Satin
weave. FEach ply of fabric shall have a breaking strength of
not less than 800 pounds per inch of width in each thread
direction when 3 inch by 36 inch samples are tested on split
drum grips. Fabric reinforcement shall be single ply at top
and bottom surfaces of the pad and double ply within the pad.
The bond between double plies shall have a minimum peel strength
of 20 pounds per inch. .

-59—~
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The sole polymer in the elastomeric compound shall be neoprene
and shall be not less than 60 percent by volume of the total
compound. .

The elastomer, as determined from test specimens, shall conform
to the following:

] ASTM
Test Designation Requirement
. Tensile strength, psi =—=——-——eaen——e D 412 2,250 Min.
Elongation at break, percent -——————- D 412 350 Min,
Compression set,
22 hrs.at 158°F., percent =—==—c——aa- D 395
Method B) - 25 Max.
Tear strength, pounds per inch =~=-—-=- D 624 . -
' (Die C) 180 Min.
Hardness (Type A) ——===-w e e e e e b 2240 5545

{with 2 kg.wt.)

Ozone resistance 20% strain,
100 hrs.at 100°+2°F, -————m———————w D 1149
(except 100 +
20 parts per
100,000,000) No cracks

Low temperature stiffness,
Young's Modulus at -30°F,,psi ——=-=-- D 797 5,000 Max.

Low temperature brittleness,
5 hrs.at -40°F., ———m—mememmrnr—————s D 736-54T Passed

After accelerated aging in accordance with ASTM Designation:
b 573 for 70 hours at 212°F. the elastomer shall not show de-
terioration changes in excess of the following:

Tensile strength, percent -—————--—— =15
Elongation at Break, percent —-—-——--— -40 (but not less than 300%
‘ : total elongation of the
material)
Hardness, points -—-—-———-—mee———e—- +10

Specimens tested in accordance with Test Method No. Calif. 663
for 10,000 cycles at 800 pounds per square inch and 1/2 t (t =

A total thickness of elastomer) translation, shall show no indica-
tion of deterioration of elastomer or bond between elastomer and
metal or fabric reinforcement laminations. The testing speed
will not exceed 4 1/2 inches per minute.
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The Contractor shall furnish to the Engineer a certification

by the manufacturer that the elastomer, and fabric (if used),

in the elastomeric bearing pads to be furnished conforms to all
of the above requirements. The certification shall be supported
by a certified copy of the results of tests performed by the
manufacturer upon samples of the elastomer and fabric to be

used in the pads.

Test specimens for tensile strength, elongation, tear strength,
peel strength, and ozone resistance will be taken: from production
run pads by the Engineer, and will be prepared for testing by
cutting and grinding.

A fabric sample not less than 36 inches by 45 inches shall be
submitted for testing from each new lot of fabric used in
manufacturing bearing pads. A sample pad not less than 6 inches
by 12 inches in size shall be submitted for testing from each
lot of pads or batch of elastomer to be furnished, whichever
results in the greater number of samples. The samples will be
selected at random at the point of manufacture or, at the option
of the Contractor, at the job site. Samples taken at the job
site shall consist of complete pads as detailed on the plans,
and the Contractor shall furnish additional complete pads to
_replace those taken for testing. Pads shall be available for
sampling 3 weeks in advance of intended uset All sample pads
for testing shall be furnished by the Contractor at his expense.
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